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I. INTRODUCTION 
INTRODUCTION 
Mathematics was long considered to be the disciplinary 
part of any curriculum. The study of this subject was supposed 
to teach the students to think clearly and logically, and it 
was upon this basis that mathematics held its place in the 
course of study. All students were required to take the pre¬ 
scribed courses in mathematics regardless of the field of study 
into which they were entering. 
During the past few years there has heen a movement toward 
requiring less mathematics in the high school than was taught 
under the old system. New courses in mathematics, for example 
those in commercial arithmetic and general mathematics, have 
found their way into the curriculum. The new courses have been 
justified on the grounds that the students taking these courses 
receive more benefit from them and are able to make more prac¬ 
tical application of tne material learned than they would be 
able to make from a study of algebra and geometry, however, it 
is only the courses in mathematics which are taught during tne 
first and second years of the general curriculum of the hign 
school with which this study is to be concerned. There remains 
tne necessity for justifying tne study of algebra in tne first 
year of nign school, and either advanced algebra or geometry, 
as the case may be, in the second year. The reason most fre¬ 
quently advanced for tne study of mathematics is that mathemat¬ 
ics is essential to a complete understanding of tne sciences to 
studied in the third and fourth years, namely, physics and 
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chemistry. To this end, the majority of the hign schools re¬ 
quire that algebra and geometry precede a study of physics and 
chemistry. Bailey tells of a study made by Steele wno sent 
out a questionnaire to one hundred and fifty of the hign schools 
in the state of Iowa to determine the status of physics in that 
state. The results obtained from this questionnaire were ex¬ 
tremely interesting. Seventy-one per cent of the scnools re¬ 
quired physics; and of these schools ninety-eight per cent had 
geometry precede physics. This may also be said of chemistry. 
Several articles have come to the attention of the writer 
in the last few months in which the authors expressed their 
opinions to the effect that the practice of requiring algebra 
and geometry as a prerequisite to pnysics and chemistry was 
not justified. These writers maintained that a good understand¬ 
ing of the fundamental principles of arithmetic as taught before 
any study of algebra or geometry was taken up would enable one 
to understand any of the mathematical concepts taken up in 
physics and chemistry at the high school level. They advocated 
that anyone be allowed to study physics and chemistry regardless 
of previous mathematical training in high school. This recom¬ 
mendation was quite startling in the light of the accepted prac¬ 
tice. Tnis writer was frankly skeptical of the recommendation, 
and being sincerely interested in "the teaching of mathematics, 
determined to investigate the requirements for mathematics in 
physics and chemistry at the high school level of achievement. 
1. Bailey, Ralph G. "The Effect on the Achievement in Physics 
of Drills on the Matnematlcal Skills Needed in high behoof 
Physics" (University of Iowa: M.A. Thesis) 1934. 
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The study was limited to these courses in the general curriculum 
on trie grounds that those taking college preparatory courses 
might require more mathematical knowledge at the college level, 
and that any recommendations made after a study of the nigh 
school alone would not be justified. 
Walter G. Gingery1 has expressed the situation vdry well 
in an article, "How Much Mathematics Should We Teach?" He says: 
"The mathematical nature of our experience is becoming more and 
more evident. The ability to interpret these experiences depends 
largely upon our mathematical back-ground. In such a situation 
there is small probability of any very long continued neglect 
of the subject in schools where any adequate preparation for 
life is contemplated. Just what mathematics should be taught in 
a particular curriculum is a question still open to descussion. 
Evidently it is as easy to justify some matnematics of a distinct¬ 
ly cultural type as it is to justify English poetry or essays 
or Caesar or Don Quixote or botany or art or music." 
1. Gingery, Walter G. "How Much Mathematics Should We Teach?" 
School Science and Mathematics (Nov. 1933) 
II. REVIEW OF LITERATURE 
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REVIEW OF LITERATURE 
A great many opinions have been expressed as to the 
amount ol mathematics which is necessary to a clear understand¬ 
ing of general physics or general chemistry at tne hign school 
level. When tne writer began to look for actual studies deal¬ 
ing with the problem she found that few substantial studies 
had been carried out to support these opinions as to how much 
mathematics is actually used in high school physics and chemis¬ 
try. A few theses have been written dealing with the problem, 
but for the most part information had to be secured from maga¬ 
zines of which the following were used: 
1. Scnool Science and Mathematics 
S. Washington Academy of Science Journal 
3. Science Education 
In the field of chemistry tne most important study was one 
carried on by Bernadine I. Mott1, ’’The Mathematics in Cnemistry 
at tne high School Level”, a thesis written for a Master’s 
degree at the University of Michigan. Mott analyzed fifteen 
textbooks of high school chemistry for the use of tne four 
fundamental processes of arithmetic, of proportion, and oi tne 
simple linear equation. About one-fourth of all the problems 
required a knowledge of formulas and nearly one-half required 
the use of a balanced chemical equation. The conclusions wnich 
were drawn from this study included the following: 
1. Mott, Bernadine I. 
high Scnool Level” 
1954. 
”Tne Mathematics in Cnemistry at "the 
(University of Michigan: M.A. Tnesis) 
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1. The matnemat ics that is used to solve the quanti¬ 
tative problems of these high school chemistries is 
elementary, just arithmetic. 
About 20% of tne processes involved in tne solutions 
of the problems found in these text-books are simple 
addition, 3 % are subtraction, 43^ are multiplication 
and 30% are division. 
3. No geometrical theories or principles were needed in 
the computations. 
4. Tne calculations were often made difficult because 
of the use of large numbers in fractions and the use 
of large dedimals. 
Another study which was found to be of considerable value 
was one carried out by Arthur S. Kiefer and Oscar Lawrence^ at 
Ohio State University, ”The Mathematical Abilities Necessary 
in high School Chemistry.” Although tnese authors were more 
interested in remedial work which could be done in mathemati¬ 
cal abilities, they first analyzed six high-school text * books 
in chemistry to determine what mathematics was needed. They 
found tnat most of the mathematics required was simple arith¬ 
metic. No applications of geometry were found, and only the 
following uses of algebra were listed: (1) ratio and proportion; 
(2) interpretation of signs; (3) knowledge of the algebraic 
equation; (4) substitution of numbers for symbols. Kiefer and 
Lawrence drew the conclusion that it was not the diificulty of 
1. Kiefer, Arthur S. and Lawrence, Oscar. _"The Mathematical 
Abilities Necessary in High School Chemistry.” (Ohio 
State University: M.A. Thesis) 1932. 
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the mathematics of chemistry involved but rather tne lack of 
understanding of simple arithmetical principles that caused 
so much trouble among the students. 
It is interesting to note the variety of conclusions whicn 
are drawn from the studies whicn have been carried out. Most 
of the other studies which were consulted gave just one particu¬ 
lar phase as the most impartant part of mathematics involved 
in high scnool chemistry, and there appeared to be no uniformity 
in the conclusion drawn. Possibly, the dissimilarity lies in 
the fact that the text-books used in one study were not those 
used in another study. 
Pressey1 2 3, in a study, ”Tne Needs of Fresnmen in the Field df 
Mathematics”, says that a high school student in chemistry must 
nave ’’possession of concepts in algebra”. This study is not of 
much worth because it is concerned more with the arithmetic 
necessary and very little with those ’’certain concepts”. 
Boles and Webb come to the conclusion in their ”A Study of 
the Mathematics in Text-books of Inorganic Chemistry” that, of 
tne very little matnematics actually required, ’’simple proportion 
is used almost to tne exclusion of other forms in general inor¬ 
ganic chemistry". 
Rendahl^ analyzed three text-books of chemistry solving 596 
problems included in tnese texts. The conclusions which he drew 
1. Pressey, Luella Cole. "The Needs of Freshmen in the Field 
of Matnematics” Scnool Science and Mathematics March, 1950. 
2. Boles, Leo L. and Webb, rianor A. ”A Study of tne Matnematics 
in Text-books of Inorganic Chemistry” Science Education 
March, 1950. 
3. Rendahl, J.L. ’’The Mathematics Used in Solving Problems in 
high School Chemistry” School Science and Mathematics,. June, 
1930. 
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from nis study were as follows: 
!• 50 ft of the operations are multiplication 
30 ft of the operations are division 
19\ of the operations are addition 
1 % of the operations is subtraction 
2. The most important uses of algebra are the solving of 
simple and fractional equations of the first degree 
and with one unknown, and in substitution in a 
formula. 
Here again we see that a large part of the work is concerned with 
ar it timet i cal processes, and very little of the algebraic pro¬ 
cesses taught in the high school find their way into the field 
of chemistry. 
A good conclusion to this discussion of the studies dealing 
with the amount of mathematics involved in chemistry may be 
found in Adams1. He says, ’'Actually, the amount of mathematics 
required in most branches of chemistry is small'J. 
Tnere were no more studies available concerning the amount 
of mathematics needed in high school in the field of physics 
than there were available in chemistry. Again, it was a case 
of a great may opinions being expressed as to the amount required, 
but there were very few actual studies carried out to substan¬ 
tiate these opinions. The majority of the references in physics 
were taken from periodicals. 
The study that yielded the most information in this field 
was one carried out by Regan^ at the University of Illinois. 
1. Adams, L.H. "Chemistry as a Branch of Mathematics" 
Washington Academy of Science Journal. May, 
Regan. G.W. "The Mathematics Involved in Solving High u.ciiool 
Physics Problems" School Science and Mathematics. Marcn, 19^ 
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xie solved and analyzed £41 problems in Millikan and Gale’s "A 
First Course in Physics" . From this analysis he was able to draw 
up a list of those mathematical requirements in arithmetic, alge¬ 
bra and geometry which were essential to tne solving of trie 
problems, he found that sixteen of the theorems or corollaries 
learned in plane geometry were included in the mathematical 
interpretation, and that only si* of the principles of algebra 
were required although more cases involving these principles of 
algebra were included than cases of the geometric application. 
Regan’s study seemed to the writer to be of more actual value to 
one Interested in the amount of mathematics required in physics 
than any other one study used. 
In a study dealing with the "Forms and Formulas in Physics 
Teaching" Zellar^ comes to the following conclusion: "A working 
knowledge of the four fundamental principles of arithmetic, 
simple fractions, percentage, decimals, ratio and proportion, the 
algebraic equation, graphs, simple geometric construction, the 
fundamental theorems of triangles, parallelograms, and the circle 
is the most necessary." In this lest we find some things wnich 
are not included in Regan’s list, for example, ratio and propor¬ 
tion, and graphs. However, tnis list is not of so much value as 
Regan's because it fails to enumerate specifically the actual 
principles, constructions, and theorems which are the most nec¬ 
essary to an understanding of physics. 
Bailey^ conducted an experiment in some of the high scnools 
in the state of Iowa dealing with the mathematical skills used 
i. Zellar, Karl A. "Form and Formula in Physics Teaching" 
School Science and Mathematics. April, 1953. 
C hailev Raich G. "The Effect on the Achievement in Physics on 
Drills’on tne fctnematical Skills Needed in High School Physics" 
University of Iowa: M.A. Thesis) 1934. 
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in the hign school pnysics. Before he was able to start his 
experiment it was nexessary for nim to select those skills which 
were required and then to draw up a test using these selected 
skills wnicn could be given to the physics students in the high 
school. Bailey was more interested in the remedial work which 
^ ke done with these students that they mignt derive more 
benefit from tne mathematical part of pnysics than was possible 
without such work. An analysis of the test drawn up gives the 
desired list of skills required. Here again the evidence points 
to the fact that tne majority of the processes come within the 
range of arithmetic, and that the algebra involved is never very 
difficult. 
Another view is expressed by Mae Elizabetn riarreson^ who 
finds that less matnematics is required tnan do any of tne 
otner investigators whose reports were studied. To quote from 
her study, Miss Harreson says, "Some aritnmetieal processes 
must necessarily accompany certain of the experiments, but these 
are never very elaborate." We find no mention made of the need 
for those processes learned in algebra or for geometric appli¬ 
cation. 
To sum up the work which nas been done in tne field, we find 
tnat the investigators are agreed on the fact that there is very 
little need for mathematics in eitner chemistry of physics at the 
high school level, but that they are not always agreed on just 
what the nature of the matnematics is. Another conclusion wnich 
may be drawn from the review is that tnere is more need for 
mathematics in physics than there is in chemistry, ana that the 
1. Harreson, Mae Elizabeth. "Pupil Grouping in 
Approximate Individualization^ Scnool Scieiic 
October, 1933. 
Pnysics to 
e and Mathematics 
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mathematics in physics covers a wider range than it does in 
chemistry. The mathematics of chemistry confines itself mostly 
to arithmetic, whereas that of physics also includes some alge¬ 
braic and geometric applications. 
These conclusions emphasize the need for stress on those 
required processes in the teaching of mathematics that students 
may derive the most possible benefit from their study of physics 
and chemistry. The conclusions also serve to make the question 
"What details of mathematics of years one and two function in 
science of years three and four in the high school of the 
Valley Wheel” more pressing than before. The attempt will be 
made to find the answer to the question in the pages that 
follow. 
III. PROCEDURE 
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PRQCEDURE 
The question which is to be answered in this discussion is: 
"What details of the mathematics wnich is taught in years one 
and two is actually used in the science of years three and four 
of the high schools of the Valley Wheel?" Tne Valley Wheel is 
an organization of some of the high school of the Connecticut 
valley and includes the following high schools: Agawam, East- 
hampton, Enfield, Connecticut, Ludlow, Monson, Palmer, South 
hadley, and Ware. Amherst High School was added to the list for 
the purposes of this study. The subject matter included was the 
mathematics courses of the years one and two and the science 
courses of years tnree and four. 
Tne first step in the problem was to analyze the textbooks 
in mathematics used in the above-named high schools to see wnat 
functions of mathematics were taught in the first and second 
years. After this had been done the textbooks used in physics 
and chemistry were analyzed to see what functions in mathematics 
were needed for solution of the problems to be found in these 
texts. The second list was checked over against the first list 
in order that a complete picture of how much of tne mathematics 
which is taught is actually used in science could be obtained. 
From the comparison of these two lists the conclusions ol this 
study were drawn. 
Certain conditions affecting the study. 
The courses which were selected for this study were taken 
from the general curriculum. In mathematics the courses whicn 
were taught in the first year varied witn the hign school. Tne 
majority of the high schools gave a course in elementary algebra 
but there seemed to be a growing tendency to offer a course in 
general mathematics. Th_is general mathematics was given because 
it was felt that the students taking the general curriculum 
would derive more benefit from such a course tnan they could from 
a course in algebra. Plane geometry was given in the majority 
of the high schools in the second year. Two or three of the 
high schools, for example Easthampton, did not give any mathe¬ 
matics in the second year because the school officials felt that 
the students had received all the necessary mathematics in the 
course in general mathematics. The science courses offered in 
years three and four included general physics and general chem¬ 
istry. As stated previously, tnis study was confined to the 
general curriculum and did not include courses offered in the 
college curriculum because it was felt that students might re¬ 
quire mathematics in college not necessary in high school. 
Any conclusions based on a study of the high school texts alone 
would not be justified. No courses of study were used as was 
originally planned as these courses of study were merely a day 
by day plan of the course made up as the course proceeded and 
offered no additional information. Some of the high scnools 
did have printed outlines of their courses giving the major 
topics based on the textbooks used, but they included no addi¬ 
tional material. The principals and teachers oi the high schools 
were very cooperative in giving the desired information regard¬ 
ing textbooks and the courses. 
The textbooks which were used in mathematics in the high 
schools included tne following: "Minimum Essentials of Mathematics 
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by Werremeyer and Lake; "Mathematics for Everyday Use”, by btone 
and Mallory;’’Ninth Grade Mat nematics”, by Dunn, Huebner, and 
Goldwaite; ’’Survey of High School Mathematics”, by Nyberg; ’’New 
First Course in Algebra”, by Hawks, Luby, ana Touton; "Progress¬ 
ive First Algebra”, by Hart; ’’Algebra - Book I”, by Longley and 
Marsh; ’’Standard Service Algebra”, by Knight, Huch, McCulloch; 
’’First Course in Algebra”, by Edgerton and Carpenter; ’’Progress¬ 
ive Second Algebra”, by Wells and nart; ’’Beginners’ Geometry”, 
by Smith; ’’Progressive Plane Geometry”, by Wells and Hart; ’’Plane 
Geometry”, by Welchons and Krickenberger. It is to be noted that 
most of tnese textbooks are used in the first year. Some of the 
high schools did not offer a course in mathematics in the second 
year. Few geometry textbooks appear on the list for this reason, 
and when geometry was offered the number of textbooks was limited. 
The textbooks used in general physics were as follows: 
’’New Practical Physics”, by Black and Davis; ’’Physics for Second¬ 
ary Schools”, by Steward, Cushing and Towne; ’’Senior Science”, 
by Bush, Ptacek and Kovats; ’’Elementary Practical Physics”, by 
Bxack and Davis; ’’First Principles of Physics”, by Fuller, Brown¬ 
lee and Baker. The textbook wnich was used in several of the 
school was ’’New Practical Pnysics”. 
The textbooks of general chemistry included: "Practical 
Chemistry”, by Black and Conant; ’’Chemistry for Today”, by 
McPherson, Henderson and Fowler; ’’Modern Cnemistry” , by Dull; 
’’Chemistry and Its Uses”, by McPherson and Henderson; "Beginning 
Chemistry", by Fletcher, Smith and Harrow; "Dynimic Chemistry”, 
by Biddle and Bush; "New World of Chemistry”, by Jalfe. Of tnis 
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list, "Practical Chemistry" was the most popular textbook. 
The data which was collected from the analysis of the text¬ 
books has been set up in Table I and Table II. The details of 
mathematics included in Table I are those details which were 
taught in algebra and general mathematics. Table II includes 
those details of mathematics wnicii are taught in geometry. The 
details of mathematics which are taught in the high school are 
listed in the left-hand column. A column for both physics and 
chemistry is found on the right-hand side of the page. When¬ 
ever the detail of mathematics functions in either chemistry 
or physics a check mark is placed in the column designated for 
the science in which the detail is used. A few of the details 
are common to both sciences, more of the details appear in 
physics alone, and a great many of the details are not used in 
either science. 
Discussion of data 
Upon comparison of the lists showing the amount of mathematics 
required in physics and the amount required in chemistry, it was 
found that the knowledge of more mathematics wras required in 
physics than was necessary in chemistry. Some of the principles 
involved were common to both physics and chemistry. 
As would naturally be expected, the most outstanding use of 
mathematics was in the addition, subtraction, multiplication, 
and division of whole numbers. In chemistry the chief uses of 
multiplication and addition were to be found in problems of the 
type: 
-15- 
TABLE I 
Details of Algebra and General Mathematics Which 
Function in Chemistry and Physics 
Details of Mathematics 
1. addition ) 
subtraction ) 
multiplication) of whole numbers 
division ) 
2. addition ) 
subtraction ) 
multiplication) of fractions 
division ) 
3. addition ) 
subtraction ) 
multiplication) of decimals 
division ) 
4. solving problems involving one unknown 
5. use of letters as numbers 
6. substitution of values in formulae 
7. collecting of similar terms 
8. graph construction 
9. positive and negative numbers 
10. parenthesis 
11. addition of monomials 
subtraction of monomials 
12. addition of polynomials 
subtraction of polynomials 
13. multiplication with exponents 
14. multiplication of monomials 
15. multiplication with parenthesis involved 
16. multiplication of polynomials by monomials 
17. multiplication of polynomials by polynomials 
18. removal of parenthesis 
19. division of monomials 
20. division of polynomials by monomials 
-16- 
Table I (con»t) 
Details of Mathematics 
21. division of polynomials by polynomials 
22. equation of firfct degree of one unknown 
28. Cancellation of terms in fractions 
24. roots of equation 
25. solution of equations with fractional coefficients 
26. equations of first degree in two unknowns 
27. simultaneous equations 
28. removing a common monomial factor 
29. factoring trinomial squares 
50. special binomial products and factors 
31. product of two binomials 
52. factoring quadratic trinomials 
55. solution of problems by factoring 
54. factoring with prime factors 
55. ratio and proportion 
56. circumference of circle is 2r> 
57. rounding off numbers 
58. areas of rectangles, squares, and circles 
59. addition and subtraction of angles 
40. problems in interest 
41. powers, exponents, and coefficients 
42. construction of, triangles 
45. area of parellelogram, triangle, trapezoid, circle 
44. volume of rectangular prism, cylinder, pryamid 
cone, sphere 
45. percentage 
46. use of tangents to find heights and distances 
-17- 
Table I (con*t) 
Details of Mathematics 
47. solving oblique triangles by scale drawings 
48. ledgers and accounts, family budgets, etc. 
49. reading meters 
50. installment buying 
51. cost of owning automobile, home, etc. 
52. taxes, tariffs, duties, and customs 
53. latitude and longitude (includes time) 
54. banks (accounts, checks, etc.) 
55. savings and need for it 
56. insurance 
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Example: Find the molecular weight of calcium bicarbonate, 
Ca(HCOS)g 
Ca (H C 0S)g 
40 4- (If 12+16x5) 2 
40 4 (if 12448) 
40 f (61)2 
404-122=162=aol. wt. of Ca(HC0s)g 
There were, of course, many other uses of addition and multi- 
plitcation in more complex problems than this example, but many 
of them required the finding of molecular weights as one of the 
first steps. It is to be noted that the above example also in¬ 
volves the handling of parentheses. 
In physics the use of the four fundamental principles were 
found widely spread throughout the mathematics. There was no 
one outstanding type of example which could be picked as the one 
involving most of the addition and multiplication. In the case 
of both subtraction of division, the uses were found throughout 
the problems in physics and in chemistry with no one type of 
problem requiring more than another type. For this reason, no 
one example could be given as beign typical of the uses of these 
processes. 
Not only were the four fundamental processes of arithmetic 
used in connection with whole nombers, but they were also used 
in connection with both decimals and fractions. The use of very 
small decimals and uncommon fractions served to make the math¬ 
ematics seem difficult to the students. As was the case with 
whole numbers, multiplication of both decimals and fractions was 
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predominant, followed by division, while addition and subtraction 
appeared in almost equal proportions. 
The uses of percentage was found in both physics and chem¬ 
istry. Several of the teachers expressed the opinion that more 
of their students were unable to handle problems involving per¬ 
centage than problems involving any other process. They could 
carry the problems through successfully to the point where re¬ 
sits were to be expressed in terms of per cent and were unable 
to finish them. In physics, the following example of one type 
of problem involving percentage is given: 
Example: By the aid of a block and tackle a weight of 160 
160 lb. was lifted 1 ft. by an applied force of 
50 lb. that moved 4 ft. The efficiency of the 
block and tackle was: 
Output _ 160 lb. x 1ft• _ 160 ft. lb. ^ 
Input ' 50 lb. x 4 ft. 200 ft. lb.* * 
The efficiency is 0.80 x 100, or 80 per cent. 
Or again in chemistry the following example is given: 
Example: Find the per cent of water of crystallization 
in Ba ClP 2 HgO. 
The molecular weight was found to be 244. 
of water 5 mol! wt! of crystal X 10° 
X 100.3|00= 14.7?. 
The decimal point must be correctly placed in both of these 
examples in percentage. It was the placing of this decimal point 
that the teachers thougnt of as the biggest difficulty the pupils 
had. The textbooks in general mathematics used in some of tne 
nigh schools of the Valley Wheel included problems in percentage. 
-30- 
The result is that the teachers of chemistry and physics in 
these particular high schools are obliged to spend time to re¬ 
teach percentage so that the pupils will be able to work these 
problems. This takes time that should rightfully be spent with 
physics or chemistry to teach the mathematics which should be 
taught in another class. 
The most common use of algebra, one employed in both chem¬ 
istry and physics, is the use of algebraic equation. Many of t 
the principles taught in these science are presented to the 
students in the form of equations after an axplanation of the 
principle has been given in words. Problems in connection 
with these principles involve the substitution of numbers for 
symbols in the equation and the ability to handle the equation 
once the substitutions have been made. In the field of chem¬ 
istry many of the problems which require substitution of number 
in a formula belong to the general type of the following 
straight-weight problem. 
Example: How many grams of calcium carbonate will be 
formed by the complete reaction between 222 
grams of calcium hydrocide and carbon dioxide? 
222 grams x grams 
Ca (OH)^ H^OtCaCOg 
The equation to be used is: 
Weight of substance given wt. of substance required (x grams) 
Mol. wt. of substance Mol. st. of substance required 
Substituting in the equation we have 
222. x 
74 ' 100 
Solving for x, 300 grams of calcium carbonate will be 
formed. 
Unless the students are taught to handle an algebraic equation 
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they are unable to handle the mathematics of this type of 
problem. 
In the field of physics the use of the algebraic equation 
is much more extensive than in chemistry. A large percentage 
of the principles taught in physics are finally expressed in 
terms of an algebraic equation. It is impossible for this 
reason to put problems involving the algebraic equation into 
any one general type. The example to be given merely shows 
the use of the equation to express one of the principles of 
physics in words. The equation involved in the problem is 
one which was used in several of the textbooks used in the 
high schools to show an application of the processes learned 
in algebra in the field of physics. 
Example: How far will a body fall in — sec? (In this 
case the acceleration is 32 feet per second 
per second) 
The equation involved in the solution of this problem is 
S ^ gt2 where s . distance, g -- acceleration, t ^ time. 
Substituting 
S * I x 32 x (1)2 
2 2' 
S s 4 f t. 
Here again, as in chemistry, unless the pupil is able to 
handle a simple algebraic equation involving on unknown, he 
is unable to understand and perform the mathematical part of 
the physical principle. However, this ability is more important 
in physics than in chemistry if the number of formulae used is 
taken as a criterion. For example, Physics for Secondary Schools 
by Stewart, Cushing and Towne gives a total of seventy-one 
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formulae, practically all of which are different although a 
very few of them are expressed in two ways thus raising the 
total number of formulae. In the same high school, the text¬ 
book used in chemistry. New World of Chemistry, by Bermard Jaffe, 
recognizes but five distinct types of problems. 
The one other process of mathematics which is common to 
both chemistry and physics is that of ratio and proportion. In 
£he field of chemistry many of the problems are solved by setting 
the problems up as a problem in proportion. As an example of 
this the following straight-volume problem may be given: 
Example: How many liters of carbon dioxide will be formed 
during the complete combustion of 7 liters of 
benzene, C0Hg? 
7 liters x liters . 
2C6H6+1^°2 ^ 12C02*6X° 
2 volumes 12 volumes 
vol. of subst. given , vol. of subst. required 
coefficient of subst.' coefficient of subst. 
The problem is then set up as the following problem in 
proportion: 
7 x or , x 42 liters of COc 
2 '* 12 
Once the student is able to handle these problems in proportion, 
the mathematics of the chemistry is easily understood. 
In physics many of the laws are expressed as proportion in 
their mathematical expression. For example, Charles’ Law, 
Boyles* Law, or the General Gas Law are nothing but an expression 
of an existing natural proportion and are easily solved when thg 
student has had problems of proportion in mathematics. The 
following problem, wnich is one involving the algebraic expression 
of Charles’ Law, shows the use of proportion in physics. The Law 
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may be expressed in the following symbols: Vg Kg 
Vl' Kj. 
Example: A given mass of air has a volume of 125 cu. in. 
at 27** C. What will be the volume at 47“ C., the 
pressure being kept constant? (in this problem, 
K is found by a previous equation to be 300’ and 
Kg is 520°) 
Setting the problem up as one of simple proportion, it 
becomes: 
Vr, 320 
-_ or 
125'300 
133.3 cu. in. 
In both of these cases solutions to the problems could be 
reached if the student is able to handle algebraic equations. 
However, the relationship is one of proportion and the problems 
are easily expressed as such. Unless the student sees the rela¬ 
tionship clearly, he cannot set up the problem in a form from 
which he may get a solution. 
The following list is a summary of those mathematical 
processes which are common to both physics and chemistry: 
1. Addition ) 
Subtraction ) of whole numbers 
Multiplication ) 
Division ) 
2. Addition ) 
Subtraction ) of fractions 
Multiplication ) 
Division ) 
3. Addition ) 
Subtraction ) of decimals 
Multiplication ) 
Division ) 
4. Percentage 
5. Solution of algebraic equations containing one 
unknown 
6. Substitution in and solution of formulae 
7. Ratio and proportion 
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As has been said before, there is more mathematics involved in 
the physics as taught in the high school than there is in chem¬ 
istry* From this point on in the discussion the mathematics in¬ 
volved is found only in the physics textbooks. 
In problems involving motion, the idea of graphical repre¬ 
sentation is introduced into the discussion. These graphs are 
of the simplest kind, the straight line. The graphical repre¬ 
sentation of distance is presented as a straight line and is 
the simplest way of showing the way in which forces in the same 
or in the opposite directions may be added. Two simple curve 
graphs are also introduced in practically all of the physics 
textbooks as follows: 
1. Graph showing the atmospheric pressure at different 
elevations 
2. Graph showing flight of a projectile. 
Both of these curve graphs are elementaty graphs, but they re¬ 
quire, nevertheless, the ability to interpret a graph as present¬ 
ed in the text and to construct a graph according to specified 
directions. 
The law of the pendulum is expressed in the following 
equation: 
In order to handle problems involving this equation the student 
must: (1) be able to substitute numbers for symbols; (2) know 
tne value of ; (3) be able to find the square root of the number. 
There were exceptionally few problems which required the use of 
this formula and the extraction of a square root. 
The derivation of formulae from given mathematical relation¬ 
ships is a phase of mathematics involved in physics. In alfeebra 
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the students are taught to substitute values which are taken 
from one equation in another equation in order to get an expression 
involving terms for which the values are known. The ability to 
see what values may be substituted in an equation is essential 
to the solution of many problems, as an example of this, the 
student may be required to find the kinetic energy of a moving 
body gained under spedified conditions. The equation from which 
he starts is: 
Kinetic energy gained wh q\ 
When a body falls from a height, h, it gains a speed, v. ' 
V'N 2 gh 
From tnis equation: 
H . 
* 2g 
(2) 
(S) 
On substituting this value in equation (1) 
p 
Kinetic energy gained _ W V_ 
2g 
Many other examples might be cited which require derivation of 
formulae from given mathematical relationships. These deriva¬ 
tions are aspread through the text and are not confined bo any 
one principle. 
The application of geometric theorems and principles is 
comfined to the field of physics. There are very few of these 
principles used, and there is seldom more than one application of 
a single principle in one text. The texts are so written that a 
student who has not studied geometry may understand the discus¬ 
sion. A knowledge of the geometry involved aids the student in 
understanding the Reasoning behind the discussion, but is not 
essential. A list of the geometric applications will be given 
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rather than a discussion of the actual use of the theorems as 
found in the textbooks. The list is as follows: 
1. The areas of two circles are to each other as the 
squares of their diameters. 
2. 
3. 
4. 
A tangent to a circle is perpendicular to 
drawn to the point of contact. 
Corresponding sides of similar triangles 
tional. 
A right angle is 90". 
a radius 
are propor- 
5. The sum of the angles of a triangle is equal to 180J . 
6. The opposite sides of a parallelogram are equal. 
7. The square of the hypotenuse of a right-angled triangle 
is equal to the sum of the squares of the other two 
sides. 
8. The lines forming a right angle are perpendicular. 
9. If the opposite sides of a quadrilateral are parallel, 
the figure is a parallelogram. 
10. Two right triangles are similar of the acute angle of one 
is equal to the acute angle of the other. 
11. A right-angled parallelogram is a rectangle. 
A few of tne problems required that the areas or volumes 
of figures be found. Included in this list were: (1) area of 
a circle; (2) area of a rectangle; (3) volume of a cylinder; 
(4) volume of a rectangular tank. The formulae for these appli¬ 
cations are usually learned in arithmetic, and no derivation is 
required before the students are able to handle problems re¬ 
quiring these operations. 
The mathematical processes wnich are used in physics but 
do not appear in chemistry are summed up in the following list: 
1. Use of graphs. 
2. Extraction of square root 
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3. Derivation of formulae from given mathematical relation¬ 
ships 
4. Certain geometric principles and theorems 
5. Calculation of areas and volumes of figures. 
IV. CONCLUSIONS 
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CQNCLUSIONS 
The conclusions to be drawn from this study are as follows: 
1. The mathematics used to solve the quantitative problems of 
these high school physics and chemistries are never very 
difficult and are for the most part elementary algebra 
or arithmetic. 
2. No geometric theorems were required in the mathematics of 
chemistry, but a few of the theorems, found for the most part 
in the first three books of geometry as it is usually taught, 
were required (bn physics. 
3. The mathematics of pjaysics requires more mathematical know¬ 
ledge than does the mathematics of chemistry as the ability 
to translate laws of physics into mathematical formulae 
and derive formulae from given mathematical relationships 
is involved in the discussion in the text and the solution 
of the problems. 
4. The ability to construct and interpret graphs is essential 
to a complete understanding of the principles of physics. 
V. RECOMMENDATIONS 
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RECOMMENDATIONS 
1. Because such a small part of the processes involved in 
high school algebra and none of the processes of geometry 
as these subjects are taught in the high school are re¬ 
quired in the mathematics of chemistry, it is recommended 
that courses in algebra and geometry should not be con¬ 
sidered as pre-requisites to chemistry. 
2. It is also recommended that courses in algebra and geometry 
should not be considered as pre-reqMsites to physics because 
few of the processes taught in these subjects are required 
in the mathematics of physics. 
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